Restriction enzyme digests of bovine genomic DNA were hybridized against a .37-kilobase (kb) quail embryonic myosin heavy-chain (MttC) copy deoxyribonucleic acid (cDNA) probe; containing both translated and nontranslated regions surrounding the 3' end of the gene. These experiments revealed seven to eight different bands of hybridization, indicative of multiple genes of MHC in the bovine genome. Additionally, a bovine genomic recombinant DNA library was screened with the .37-kb probe. Of the 106 phage screened, 11 clones containing portions of the MHC genome were identified, and four were selected for further analyses. Characterization of these four clones was carried out by constructing partial restriction enzyme maps of the inserts using six restriction enzymes singly or in combination. Orientation of the inserts with respect to the arms of the vector and with respect to direction of transcription was determined by hybridizing the DNA fragments against either the .37-kb Pst 1 fragment of pcC128 or to the .23-kb Pst I fragment of pcC128. The +23-kb fragment is located upstream from the .37-kg fragment and contains only coding sequence. Therefore, the differential hybridization pattern of these two probes provided a means for determining the probable direction of transcription. These data provide evidence for a myosin multigene family in cattle, as well as illustrating that the organization of these genes around the 3' end is unique for each of the genes analyzed.
Introduction
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Received May 12, 1986 . Accepted September 8, 1986 . about the effects of a variety of external factors such as disease, nutritional status and environmental stress on bovine myogenesis and myofibrillar gene expression is also lacking. Therefore, an understanding of the control mechanism(s) involved in the modulation of expression of muscle protein genes would likely have a positive effect on meat animal production.
The major protein found in muscle tissue is myosin, which consists of two heavy chains with a molecular weight (MW) of 200 kilodaltons complexed with four light chains of MW 17 to 21 kilodaltons (Sivaramakrishnan and Burke, 1982) . Different myosin isoenzymes are found in white and red skeletal muscle (Gauthier and Lowey, 1979; Zweig, 1981; Gauthier et al., 1982) , cardiac muscle (Sartore et aI., 1981; Clark et aI., 1982) , smooth muscle and other non-muscle tissues (Chi et al., 1975) , reflecting differences in biochemical and physiological properties. Myosin heavy-chain (MHC) genes have been found in the genome as multigene families in a number of species including humans, rabbits, rats and chicken 607 J. Anita. Sci. 1987.64:607-614 (Robbins et al., 1982; Leinwand et al., 1983; Friedman et al., 1984; Periasamy et al., 1984) . To isolate MHC isoform-specific clones from a bovine genomic library, the fact that 3 ~ untranslated regions of isoforms have been found to be divergent has been exploited.
Materials and Methods
Probe Preparation. The copy deoxyribonucleic acid (cDNA) probe used in both the genomic DNA hybr/dizations and the screening of the phage library was obtained from Dr. Charles P. Emerson, University of Virginia. Both the .37-and the .23-kilobase (kb) fragments were obtained from a Pst I restriction enzyme cleavage of a quail fast skeletal muscle MHC cDNA clone, cC128, which had been inserted into the Pst 1 site of pBR322 (Hastings and Emerson, 1982) . The plasmid was transformed into E. coil HB101 by the procedure of Mandel and Higa (1970) . Large-scale plasmid preparation was performed by amplifying the plasmid in the presence of chloramphenicol with subsequent plasmid purification as detailed by Maniatis et al. (1982) . To purify the .37-and .23-kb fragments, plasmid DNA was digested with the restriction enzyme Pst 1 according to the manufacturer's specifications. After digestion, the sample was heated to 65 to 70 C for 10 min and loaded onto a 1.5%, low-melting temperature agarose gel (Maniatis et al., 1982) . Electrophoresis was for either 4 h at 100 mA or overnight at 50 mA at 4 C. The DNA size markers used were 0X174 phage DNA digested with the restriction enzyme, Hae II1. The bands were located by UV fluorescence of the ethidium bromide and excised. The volume of the gel slice was estimated, an equal volume of 10 mM Tris pH 7.5, 1 mM EDTA was added, and NaC1 was added to a final concentration of .3 M. This solution was then placed at 65 C to melt the agarose. After cooling to 37 C, an equal volume of warmed H20-saturated phenol and one-half volume of chloroform were added. Samples were extracted for 10 min, placed on ice for 5 min and centrifuged at 12,000 x g for 15 rain. The aqueous phase was then re-extracted as previously described, and an equal volume of water was added to reduce the NaCI concen- Briefly, 10 /~g of genomic DNA was digested with the restriction enzyme of choice, loaded onto a 400-ml, .8% agarose gel and subjected to electrophoresis at 75 mA for 20 h at room temperature. The DNA was transferred to nitrocellulose filters by the technique of Southern (1975) . Hybridization of the filters was in the dextran sulfate solution containing formamide described by Maniatis et al. (1982) . The nick-translated probe (.25 /ag) was mixed with 1.35 ml salmon sperm DNA (2 mg/ml) and denatured with the sequential addition and mixing of .050 ml 10 N NaOH, .140 ml of 2 M Tris, pH 7.5, and .500 ml of 1 M HC1. This probe was then mixed with approximately 15 ml of hybridization mix, added to the plastic bag and the bag was heat-sealed. Following hybridization at 42 C for 12 to 24 h, the filters were washed three times for 30 min each at room temperature in 2X SSC (2XSSC: 175.3g NaCI, 88.2g Na3 citrate pH 7.0), .1% SDS, followed by two 45-min washes in .1X SSC, .1% SDS at 52 C. The filters were then dried at room temperature and exposed overnight to Kodak XAR-5 x-ray film.
Library Screening. The bovine genomic library was obtained from Dr. F. M. Rottman, Case Western University. It was constructed using partial MboI digested bovine DNA and Charon 28 as the cloning vector (Woychick et at., 1982) . The average insert size was approximately 14.5 kb; therefore, 1 x 106 pfu should be representative of the bovine genome. The library was screened by the in situ hybridization method of Benton and Davis (1977) using E. coli strain LE392 and the Pst I fragment of pcC128 described previously. Positive plaques obtained after a quaternary screening were amplified by either the plate lysate method (Maniatis et al., 1982) or by preparing a 3.5-ml liquid lysate with a titer of approximately 10 l~ pfu/ml. DNA Preparation. The DNA for restriction enzyme analyses was prepared from either plate lysates or liquid lysates. To 2 ml of lysate, 2 ml of 50 mM Tris pH 7.5, 10 mM MgSO4 was added and mixed. The solution was made 20 /ag/ml in DNase I, incubated at room temperature for 15 min, and then incubated at 4 C for 30 rain. After incubation, .4 ml of 5 M NaC1 and .44 g of PEG-8000 s were added and mixed thoroughly by repeated inversion. The phage solution was incubated 15 to 30 min on ice, and then centrifuged at 12,000 x g for 10 min at 4 C. The phage were resuspended in .3 ml of 20 mM Tris pH 7.5, 10 mM MgSO4, transferred to a 1.5-ml microfuge tube and extracted with an equal volume of chloroform. Twenty microliters of .5 M EDTA and 80/~1 of 5 M NaC1 were added to the aqueous phase, which was then extracted with phenol and chloroform. Three volumes of ethanol were added to the aqueous phase, and the phage DNA was precipitated on dry ice for 15 rain. The DNA pellet was collected by centrifugation, washed two times with 70% ethanol, allowed to air-dry, and dissolved in 60/.tl of H 20. The yield was approximately 2 to 5/.tg of phage DNA.
Restriction Enzyme Digestion and Agarose Gel Electrophoresis. Restriction enzyme digestion of DNA was carried out in a volume of 25 //1 with buffer specifications as suggested by the manufacturer. After digestion, marker dye solution was added, the samples were heated at 65 C for 10 rain, and samples were loaded onto a 400-ml, .8% agarose gel prepared in Trisacetate buffer (TAE) containing .2 /lg/ml ethidium bromide using a BRL H-4 electrophoresis apparatus. Electrophoresis was overnight at 80 mA. The DNA bands were visualized by placing the gel on a UV light box, and the UV fluorescence of the bands was photographed with a Polaroid camera using a red filter. For hybridization analyses the DNA was transferred to nitrocellulose filters by the technique of Southern (1975) , air-dried and baked in vacuo for 2 h at 80 C and hybridized to either the nick-translated .37-kb or .23-kb probe as described previously.
s Sigma Chemical Co., St. Louis, MO.
Results and Discussion
To assess the complexity of the myosin multigene family in the bovine genome, the 3 ~ end-specific eDNA probe, pcC128 (Hastings and Emerson, 1982) was employed. The .37-kb Pst I fragment of pcci28 was nick-translated and hybridized to high molecular weight DNA isolated from bovine liver as described in Materials and Methods. The pcC128 probe hybridized with varying intensities to 7 to 8 restriction fragments in the bovine DNA, and the hybridizing fragments ranged in size from approximately 2 kb (seen on longer exposure times) to greater than 23 kb (figure 1). Similar results have been reported by hybridizing a sarcomeric MHC probe to rat genomic DNA and by hybridizing the .37-kb fragment of pcC128 to chicken genomic DNA (D. M. Moriarity et al., unpublished data). This indicates that a MHC multigene family exists in the bovine genome and is consistent with studies in other species (Leinwand et al. 1983; Friedman et al., 1984; Periasamy et al., 1984; Robbins et al., 1982) .
To isolate MHC genes from the bovine genome, a genomic DNA library was screened as detailed in Materials and Methods, and the various stages of the screening process are illustrated in figure 2 for one of the four clones. The four clones were each purified as single plaques and then amplified individually. Purified DNA was digested with restriction enyzmes which recognized six base-pair sequences, and the resulting DNA fragments were separated by electrophoresis in .8% agarose gels as described in Materials and Methods. The strategy employed was to cut first with those restriction endonucleases that did not have recognition sequences within the Charon 28 arms. These enzymes included Hind III, Sac I, Barn HI and EcoRI; therefore, any fragments produced by these enzymes were due to recognition sites within the insert itself. For the other restriction enzymes used, the sites of cutting within the Charon 28 arms were known from published data (Rimm et al., 1980) . Figure 3a illustrates an example of restriction enzyme data obtained for clone 45, in which three of the six restriction enzymes were used to produce partial digests. Figure 3b contains the autoradiograph prepared from the gel whose photograph is shown in figure 3a , and this autoradiograph illustrates that the 32p_ labeled .23-kb fragment of pcC12B hybridized to the 6.4-kb fragment of the HindIII/Bam HI Figure 1 . Hybridization of the. 37-kb Pst I fragment of pcC128 to bovine genomic DNA. Bovine genomie DNA was isolated from the liver and digested with EcoRI (a) or Bam HI (b) and fractionated according to size in a .8% agarose gel. A Southern blot of the gel was hybridized with the 32P-labeled .37-kb Pst I fragment. Hind IIl digested lambda DNA molecular weight markers are indicated. double digest, the 5.1-kb fragment of the EcoRI/Bam HI digest and the 6.4-kb fragment of the EcoRl digest. Figure 3c indicates that the 32p-labeled, .37-kb fragment of pcC128 hybridized to the 2.7-kb fragment of the Hind lII/BamHI double digest, the 5.1-kb fragment of the EcoRl/BamHI digest and the 6.4-, 4.9-and 9.5-kb fragments of the EcoRl, HindlIl and BamHl digests, respectively. That is, the 5.1-kb fragment obtained from the EcoRl/ BamHI double digest and the 6.4-kb fragment of the EcoRl digest contain sequences allowing hybridization to both Pst I fragments of pcC128, whereas other fragments contain complementary sequences that allow hybridization to either one or the other Pst I fragment. Those DNA fragments of clone 45 that do not hybridize to either probe must be either upstream or downstream from the 600 bp covered by the pcC128. Using this type of restriction enzyme and hybridization data obtained for six different enzymes, unambiguous partial restriction maps of these four clones were constructed as shown in figure 4 .
The insert size that can be integrated into Charon 28 and result in viable phage ranges from 5.2 to 18.2 kb in size (Rimm et al., 1980) . Insert sizes in this study were 12.9 kb for MHC clone 45, 13.9 kb for MHC clone 67, 14.0 kb for MHC clone 93 and 17.2 kb for MHC clone 61. This represents an average insert size of 14.5 kb, which agrees well with the average insert size obtained from the total library (Woychik et al., 1982) . One interesting point is that each MHC clone contains more than 10 Pst I restriction enzyme cleavage sites (not shown). This appears to be a general feature for all MHC clones (Sinha et al., 1982; Mahdavi et al., 1982; Kavinsky et al., 1983) .
The four clones in this study apparently represent four different MHC isoforms, based on the general lack of homology in the restriction enzyme maps in the 3 p end of the gene. For example, MHC clone 93 does not contain any Sac I sites, whereas MHC 45 has five, MHC clone 61 has three and MHC clone 67 contains only one. Due to the extent of divergence of the restriction maps, the clones probably represent different genes and not alleles.
The initial goal of this research was to isolate isoform-specific clones of MHC from a bovine genomic library. Myosin heavy-chain proteins show a high degree of homology from one isoform to another, making differential separation difficult (Nadal-Ginard et al., 1982) . The Figure 2 . Bovine genomic DNA library screening. A total of 106 phage were screened with 104 pfu per 100 mm plate. The library was screened using the method of Benton and Davis (1977) . The following autoradiographs of hybridization to the 32P-labeled .37-kb Pst I fragment of pcC128 show: a) a positive signal obtained for clone 61 on the primary screening, b) the area of the primary signal was transferred with a series of sterile toothpicks onto the grid pattern for the secondary screening, c) the strongest signal from the grid was further diluted for a tertiary screening and d) a single plaque was selected for a quaternary screening. All plaques on the plate at this point show positive hybridization. study of the developmental and tissue-specific expression of these isoforms is difficult as well. Myosin heavy-chain genes have a complex structure containing numerous introns (up to 40) of different size and distribution (NadalGinard et al., 1982; Friedman et al., 1984) , and these noncoding regions do not exhibit the same high degree of sequence conservation that is seen in the coding regions (although their positions do appear to be conserved). Nontranslated flanking sequences located 3' to the gene appear to have diverged significantly as welt. This divergence in sequence seen with the introns and 3' nontranslated flanking sequences is consistant with the observation that these sequences have evolved more rapidly than those regions coding for protein domains that are necessary for myofibrillar assembly and function . This lack of evolutionary pressure in maintainin~ a constant sequence would suggest that the 3"noncoding sequences will be more highly specific as probes for studying expression of the individual, closely related MHC isoforms. Interestingly, it has been observed that codons for the last few amino acids, together with 3 t untranslated flanking sequence (approximately 150 bases), are highly specific for each MHC of the rat analyzed to date Mahdavi et al., 1984; Periasamy et al., 1985; Wieczorek et al., 1985) . This same phenomenon has been observed to a certain extent in the 5' flanking untranslated sequences and their introns of myosin heavy-chain genes in the chicken (Gulik et al., 1985) and the rat . The screening of a genomic library with a cDNA probe for MHC not necessarily of the same species has been accomplished in chicken (Robbins et al., 1982) , rat (Wydro et al., 1983; Mahdavi et al., 1984) , Drosophila (Bernstein et al., 1983) , rabbit (Friedman et al., 1984) and human (Leinwand et al., 1983) . Little is known about the mechanisms involved in bovine fetal development and differentiation. This is especially true of those mechanisms involved in myogenesis. Additionally, factors that could alter the intrauterine environment might be expected to influence gene expression during both fetal growth and postnatal life (Hammond, 1961; Hegarty and Allen, 1978; Naftolin, 1978) . For example, morphological differentiation of myogenic precursor cells into myoblasts and eventually into multinucleated myotubes are embryonic events, and a fundamental component of skeletal muscle differentiation is the alteration of gene programs coding for muscle specific proteins (Young and Allen, 1979) . Consequently, one of our long-term goals is to assess the number and types of isoform switching patterns in the bovine system during normal development and under conditions that could beneficially enhance development.
